We explore three analytic methods that can be used to quantify and qualify changes in attitude and similar outcomes that may be encountered in the educational context. These methods can be used or adapted whenever the outcome of interest is change in a generally unmeasurable attribute, such as attitude. The analyses we describe focus on: (1) change in total 'attitude score'; (2) item-level changes in attitudes towards different topics; and (3) 'attitude shift' that is defined based on a qualified change algorithm. In our example data, the total-score approach gives a general index to the level of positive attitude; the item-level approach gives the median level of positive attitude and indicates items with the most positive/negative attitude (i.e., items to target in future iterations). The qualified change approach provides an objective measure of whether a shift in attitude has occurred. Each analysis is described with its advantages and disadvantages using the data from a survey of 70 preclinical first and second year medical students before and after an elective 11-week interactive seminar (22 contact hours) which introduced elements of complementary and alternative medicine (CAM) into programmed medical school training. When assessing changes that are more qualitative than quantitative, any of these methods can be employed to derive either descriptive or inferential statistics. The methods are straightforward and are appropriate when measurements are imperfect, ratings are subjective and differences are not necessarily absolute
Introduction
The scholarship of teaching and learning (SOTL) is a generally new area of research and should be subjected to the same rigourous review and criteria as 'traditional' research (Mettetal, 2001) . However, the outcomes in SOTL research are sometimes less amenable to traditional analytic methods, such as comparisons of means, because the outcomes are less traditional. For example, a comparison of means would not be an appropriate method to evaluate academic portfolios or changes in qualitative outcomes. In order to facilitate reliable, unbiased and interpretable analysis of more qualitative outcomes, three simple analytic methods are described here.
Curricular reform and SOTL efforts are underway throughout K-12, higher education, and professional-level contexts. One setting where changes in the curriculum are actively being pursued is the integration of complementary and alternative medicine (CAM) into progressive medical schools (Eisenberg et al., 1998) . Recent attention has been focused on how best to integrate these concepts into an academic program (leading to the M. D.) that has been fixed for a generation (see Kreitzer et al., 2002, for review) , as well as how to carry out clinical research into those treatments and approaches that are considered part of, or representative of, CAM (Jonas & Linde, 2002; Berman & Straus, 2004) . Although the success of the integration of these elements into medical school training is of great interest in both the planning of new programs and further development/refinement of existing ones, little attention has been devoted to the assessment of the impact of these programs on their intended audiences. In this respect, integration of CAM into an established curriculum can be considered representative of the general curriculum-modification situation, and so provides a concrete basis for our exploration of analytic methods for assessing change in student attitudes.
With the exception of clinical research into the efficacy of CAM techniques or products, CAM evaluations tend to be surveys of what clinicians know about methods (e.g., Hyodo et al., 2003; Lie & Boker, 2004; Kurtz et al., 2003; Dooley et al., 2004) , of how comfortable patients are with CAM (Sharples et al., 2003; Lafferty et al., 2004; Pucci et al., 2004) , or of how interested students or faculty would be in learning more about CAM (Brokaw et al., 2002; Kreitzer et al., 2002; Dutta et al. 2003; Wetzel et al., 2003) . In the present study, the impact of integrating CAM-based elements into a medical school curriculum, as reflected in self-reported attitudes towards CAM, was the outcome of interest. Three analytic methods that can be employed in order to assess changes in attitudes were explored.
Although extensive work has been done to facilitate the analysis and modeling of rating scales (including for attitudes; see Embretson & Reise, 2000 for review), two important factors limit their applicability to the problem of assessing the impact of changes in school curricula. First, the newer analytic methods are highly technical in terms of mathematics and related modeling techniques, requiring extensive programming skill or special software (or both). Secondly, and more restrictively, they are based on rigourous assumptions and underlying theoretical constructs pertaining to the data, neither of which is necessarily reflected in the context of assessing whether a true change in 'attitude' has taken place. For example, the survey evaluated here was designed to assess attitudes, not to 'measure' attitude or its change, nor to test or build a psychological theoretic model. Therefore, we eschewed an appeal to more formal analytic methods (i.e., item response theory) in favor of simple nonparametric and qualifying-change approaches to the assessment of changes in attitude.
To explore and demonstrate these approaches, we subjected the attitude-survey responses of 70 preclinical first and second year medical school students to each of three analytic methods. We report the results, describe how the methods drive the Analyzing changes in attitudes 109 interpretation of the outcomes, and use these interpretations to quantify and qualify the changes in attitude towards complementary and alternative medicine as a result of participation in an elective course outlining mind-body medicine (MBM) techniques (which are part of CAM). The analytic methods focus on three ways to describe and summarize changes in Likert scale ratings (within any context). These methods are:
(1) change in total 'attitude score'; (2) item-level changes in attitudes towards different topics; and (3) 'attitude shift' defined based on an algorithm that was developed in order to characterize or qualify change according to meaningful, objective, criteria (after Tractenberg et al., 2000) . Each analysis is detailed below using the data from a survey of this preclinical student cohort before and after an elective 11-week Mind and Body Medicine seminar (22 contact hours) developed for the CAM curriculum.
Methods
Seventy first and second year medical students volunteered to participate in an 11week long Mind-Body Medicine (MBM) Skills Course that has been developed at Georgetown University School of Medicine to promote awareness of this type of CAM (Berman & Straus, 2004) . Students participate in a weekly series of two-hour workshops targeting different mind-body interventions. These include meditation, relaxation, focused breathing, guided imagery, biofeedback, and physical movement. These approaches were selected both because they represent common therapies in general and also because they are believed to promote self awareness and self care, two elements from which pre-clinical medical students might benefit (see Gordon et al., in review, for details) . The MBM course has been offered in each of three semesters since its inception, and evaluations were administered before and after the course each semester. To facilitate our discussion of the analytic methods, we have collapsed across cohorts to form a single group.
Statistical methods
The same survey was administered before the first meeting and after the last meeting of the MBM class. Three analytic approaches (described below) were used to assess changes in attitude as reflected in answers to 21 Likert scale rated items. Each approach provides slightly different information. SPSS v 12.0 (2004; SPSS Inc., Cary NC) was used in all analyses and the overall Type I error rate (alpha) was set at 0.05 in each analytic approach. Adjustments to alpha were made where appropriate in order to preserve the overall Type I error rate within each analysis, and these are described below.
Change in total 'attitude score'
We 'scored' each of the 21 items so that high ratings reflected agreement and/or positive attitude and low ratings reflected disagreement and/or negative attitude toward each of the elements in the survey. Thus, a person with a high total score tended to strongly agree with statements like: 'The mind-body approach can have a profound effect on my own physical and emotional well-being' and 'I understand what self awareness means', whereas a person with a low total score disagreed with such statements (all 21 items appear in Tables 2-4). The total 'attitude score' is a general reflection of overall level of comfort with (attitude toward) the topics covered in the survey; analyzing the impact of the MBM class on this overall level would be an indicator of its 'effectiveness' at improving attitudes towards MBM or CAM in a general sense.
We summed the ratings over all items for the pre-MBM class and post-class assessments, and calculated each respondent's difference score. These difference scores were subjected to a nonparametric Wilcoxon signed ranks test, to determine whether median change in attitude 'score' for the students who took the MBM class was significantly different from zero. In the assessment of change, the median (50th percentile) is the appropriate summary statistic for describing the group, rather than the mean, because of the ordinal rather than cardinal nature of the ratings (see Sheskin, 1997) . If this signed ranks test is significant we could conclude that a significant change in attitude occurred between the first and second administrations of the survey.
Change in item-level 'attitude'
Rather than collapse across the 21 survey items, we calculated the change on each item's rating from before and after the 22-contact hour MBM class. This approach has the benefit of not obscuring differences in the types of changes that might occur in different dimensions of attitude toward CAM. For example, in the total-change approach a positive change on one item and a negative change on another would cancel each other out, resulting in the appearance of no change, when some change had clearly occurred. Similarly, if items are not of equal import, this method preserves the individual item-level information. Thus the item-level change analysis can give the amount of change in any given item (in terms of the median), as well as indicating exactly which of the survey attitude items were affected by participating in the MBM class.
Because change at the item level could be positive or negative but also had some ordinality, each of the item change scores was subjected to a Wilcoxon Signed-Ranks test (instead of the Sign test), to determine whether change in attitude for the group on the item was significantly more likely to be of one type (i.e., positive) than the other (i.e., negative). Because the same analysis was repeated within the same group 21 times, we employed an adjustment for multiple comparisons. The commonly-used Bonferroni adjustment creates a single adjusted alpha level (alpha divided by the total number of tests (Fleiss, 1986) ) to control overall alpha. Instead of this conservative method, we employed the Holm adjustment (Holm, 1979) , where ranked p-values are adjusted to determine their derived value relative to the fixed Type I error rate (alpha, 0.05 in all cases). Finding significant Wilcoxon results (adjusted p<0.05 for any item) would suggest that significantly more people experienced a positive or negative change in attitude for any item, or that a significantly greater degree of one type of change than another was experienced on any item, or both. We would then know which items might, for example, be most susceptible to attitude shift while others may be less amenable to attitude change.
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These nonparametric analyses are required for the evaluation of survey responses because it is unreasonable to assume that the difference between any two ratings is equivalent (i.e., Likert ratings for opinions cannot be considered strictly ordinal since the positive (agree) and negative (disagree) sides are symmetric and neither can be argued to be ranked 'higher' than the other). However, within each side of the scale the nature of the Likert rating is ordinal. As such, it is not possible to calculate a meaningful 'average' response (and nonparametric methods are ideally suited to situations like this (Sheskin, 1997) ). We did calculate the mean difference in ratings on each item in order to further characterize any significant differences. That is, we sought to describe the average amount by which any item's ratings changed.
Qualified change in items
The previous two methods rely on a key assumption that is not particularly supportable in the context of a survey of attitudes. The assumption is that any person responding 'strongly agree' at the first assessment and 'agree' at the second assessment is accurately reporting his/her level of agreement at both times. That is, it requires a change in ratings to accurately reflect a change in the rater's level of agreement. It is not possible to determine the validity of this assumption, or whether a person just made a mistake when they tried to report the same level as in the previous rating. The assumption is strict, however, and so not entirely warranted given the subjective nature of the questions on the survey. That is, the fact that a respondent 'strongly' agrees at time 1 and just agrees at time 2 does not necessarily mean that a decrease in level of certainty has occurred, and if it has not, the nonparametric methods are not appropriate. The third method for assessing change in attitude is therefore to take a broader, more objective, view of 'change' by subjecting each item to the following calculus (originally described in Tractenberg et al., 2000) . As shown in Table 1 , all ratings (on the Likert scale) are reclassified as agree, disagree and neutral. For each item, for each individual, a 'shift' in attitude occurred when ratings changed classification (e.g., agree to neutral, agree to disagree, neutral to agree, etc.). The modal response-change type(s) then reflects the tendency of the group in terms of actual attitude shift. The main difference between this approach and the Wilcoxon tests under the other two methods of evaluating attitude changes is that we have here defined 'attitude change' to be essentially independent of the differences between any two Likert ratings and independent of the tendency to select the same, or different, rating levels at any two times (which appears to be important in this context; see Figure 1 ). Collapsing across all possible categories of agreement or disagreement will result in the loss of this rating-level data, but there is no reason to expect that there is relevant data at this level. More importantly, there is no reason to assume that there are no errors in incremental (e.g., strongly agree to agree) changes. Instead, under this classification method, any positive rating (agree) is only assumed to reflect agreement rather than a consistently-reportable level of agreement with any given statement; A ratio of positive shifts (positive/ total shifts) was formed for each item, collapsing across all students experiencing a shift, to describe the tendency towards positive or negative change of the group given that some objectively defined change did take place. Given a change in attitude, this ratio should be 50% if equivalent positive and negative changes were occurring; a two-sided 99% confidence interval that excludes the value 0.5 would suggest significantly greater (if the lower bound >0.5) or significantly less (if the upper bound <0.5) positive changes than negative. We applied the conservative Bonferroni adjustment (for 16 tests) to these intervals to control the simultaneous Type I error in the absence of truly rankable outcomes and under the assumption that each proportion (positive shifts/all shifts) was a sample estimate of the same (true) proportion p=0.50 (see Rosner, 2000, pp. 251-253) . Intervals that contain the value 0.50 suggest that the proportions of positive and negative shifts are not significantly different. A similar approach could have been used to compare positive shifts to 'remained neutral' or shifts to 'no shifts'.
Results
The 70 students were first and second year medical (preclinical) students who applied to enroll in this not-for-credit elective course. At the start of the first MBM class meeting, participants filled out the survey. They completed it again 11 weeks later, after completing the last session. The class did not focus on attitudes or changes in attitudes in terms of the elements of the survey. The survey assessments before and after participating in the MBM class were analyzed in each of the three methods described above.
Wilcoxon tests showed significant differences between the sums of ratings before and after taking the 22 contact-hour Mind Body Medicine Skills course (z=−6.6, p<0.001); however, the sums reflect a high degree of correspondence between responses at the two timepoints (Spearman's rho = .78, p<0.001). Figure 1 shows the correspondence between the sum of the frequency ratings at each survey administration. Table 2 presents the item-level comparison results. After correcting the results for multiple comparisons, significant differences were observed in 15 of the 21 questions (all adjusted p< 0.05); however, when the mean difference between item ratings given before and after the MBM class was only as large as 1 point for one question (question 7). Table 3 shows the results of the classifications for changes in attitude. On Items 1, 2, or 9 100% of respondents experienced 'no change' in attitude.
It can be seen in Table 3 that the percent experiencing no change in attitude was at least 60% for every item, and that for all but six items, a larger proportion (2-27 times larger) experienced a positive shift compared to a negative shift. For each of the items where change did occur, a ratio was formed comparing the percent of individuals experiencing a positive shift (numerator) to the percent experiencing any change (denominator), i.e., the proportions of all shifts that were positive. These are shown in Table 4 with their respective 95% confidence intervals, along with the ratios formed by the type of shift (%positive/%negative). Table 4 shows that no shift in attitude occurred on three items (1, 2, 9) and no negative shifts occurred on two items (8, 10). Between two times (item 20) and 27 times (item 7) as many positive as negative shifts occurred given that a shift occurred;
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The two item-level analyses shown in Tables 2 and 4 agree in their demonstration of significantly more positive than negative change occurring on items 4, 6, 7, 8 and 10. Analyzing changes in attitudes 117
Discussion and conclusions
We found statistically significant differences in ratings reflecting changes in attitude towards MBM skills in 1st and 2nd year medical students after a 22 contact hour elective course. These significant differences were observed: (a) when we compared the sum of all ratings before and after the course; and (b) when we compared ratings on the individual items. However, when we defined 'change in attitude' to be a shift from a rating in the positive, neutral, or negative range of the Likert scale to a rating in another range, the majority (60-100%) of the group experienced no change in attitude; under this definition, significantly more positive than negative change was observed on only five of the 15 items found to differ by item-level nonparametric analysis. The juxtaposition of these three methods shows that a description of changes in attitude (e.g., comparisons of actual ratings at two survey administrations) may result in statistical significance but might not reflect a practical difference (i.e., the apparent movement from 'positive' to 'neutral'). However, if observed differences between positive and negative shifts are found in two different item-level analyses, such as those we observed on items targeting self awareness, ability to deal with stress, understanding of classmates, appreciation of classmates, emotional well-being critical in clinical practice (items 4, 6, 7, 8 and 10, see Table 2 ), they are likely to reflect robust and reliable changes in attitude that could be attributable to the curriculum change, which is participation in the MBM skills course in the present context.
Since the students in the MBM skills course were self selected and highly motivated at baseline, a failure to observe much improvement in attitude is not surprising. The data described here do not represent a random sample of preclinical medical students, but the methods described to analyze changes in elusive concepts such as 'attitude' do not depend on this set of data. Typically, survey data are not subjected to the types of analytic methods described here because of the degree of inherent ; Table   7b , p. 760) c Intervals that contain the value 0.50 suggest that the proportion of positive shifts is not significantly different than negative shifts. † no negative shifts (100% positive shifts when shift occurred).
subjectivity in survey responses. However, assessing the impact of decisions regarding changes and innovations in the curriculum is an important goal. This assessment of impact of new curricular elements on student attitudes and opinions will depend largely on the type and appropriateness of the analytic method applied, and the interpretability of results. Using the methods we have outlined here, design and evaluation of new curriculum elements, including pedagogical changes, can be informed by both student performance measures and student opinions or attitudes. Under the qualified change approach, one makes the assumption that the type of change of interest is the one that goes from one category (negative, neutral, positive) to another. The difference between this approach and the other two is along the same lines as that between practical significance and statistical significance: we have shown statistically different differences in ratings between two assessments (items 1, 2, and 9 (see Table 2 )) that did not necessarily reflect actual differences in attitude. The qualified change approach offers a way to determine whether an objectively defined change occurred whereas the nonparametric comparison of item or total ratings identify a statistically significant, but not necessarily meaningful, degree of change. Our objective definition of 'change in attitude' was 'movement from one range to another', and other definitions are both possible and amenable to this method of analysis.
This study was carried out to highlight the appropriate analysis of outcomes, including changes in attitude, an important area that has been under-emphasized both in the development of curricular elements, such as those involving CAM, and within the SOTL movement in general. Establishing the validity of standard parametric-analytic assumptions is important for rigourous classroom-and curriculum-based research. In the meantime, nonparametric methods such as those described here are easy to employ, are appropriate for the study of changes in attitudes or opinions, and will not produce biased results.
